The aim of this study is to explore the treatment and outcome of epileptogenic temporal lobe cavernous malformations (CMs). Methods: We analyzed retrospectively the profiles of 52 patients diagnosed as temporal lobe CMs associated with epilepsy. Among the 52 cases, 11 underwent a direct resection of CM along with the adjacent zone of hemosiderin rim without electrocorticogram (ECoG) monitoring while the other 41 cases had operations under the guidance of ECoG. Forty-six patients were treated by lesionectomy + hemosiderin rim while the other six were treated by lesionectomy + hemosiderin rim along with extended epileptogenic zone resection. The locations of lesions, the duration of illness, the manifestation, the excision ranges and the outcomes of postoperative follow-up were analyzed, respectively. Results: All of the 52 patients were treated by microsurgery. There was no neurological deficit through the long-term follow-up. Outcomes of seizure control are as follows: 42 patients (80.8%) belong to Engel Class I, 5 patients (9.6%) belong to Engel Class II, 3 patients (5.8%) belong to Engel Class III and 2 patients (3.8%) belong to Engel Class IV. Conclusion: Patients with epilepsy caused by temporal CMs should be treated as early as possible. Resection of the lesion and the surrounding hemosiderin zone is necessary. Moreover, an extended excision of epileptogenic cortex or cerebral lobes is needed to achieve a better prognosis if the ECoG indicates the existence of an extra epilepsy onset origin outside the lesion itself. 
IntroductIon
With the development of modern neuroimaging, the detection rate of cavernous malformation (CM) has increased significantly. It was documented that the incidence normally ranged from 0.5% to 4%, [1] accounting for 8-15% of the total cerebrovascular diseases. [1, 2] Approximately, 80% of the cerebral CMs are supratentorial. About 40-70% of such supratentorial lesions presented with seizures. [3, 4] The hemosiderosis and gliosis in the adjacent brain tissues from the tiny hemorrhage of the lesions are considered the main reason of epilepsy. [5] Around 10-20% of the cerebral CMs are located in the temporal lobes. [1] Previous studies have demonstrated that lesions in such an area might lead to a higher probability of epilepsy than in other areas. [3, 6, 7] We analyzed retrospectively the 52 cases of temporal CMs related to epilepsy. The patients underwent microneurosurgical treatment during the latest 5 years in our center.
Methods

Patient population
Between January 2008 and December 2012, a total of 186 CM patients were included in this study population who underwent surgical treatment in our center, and the pathological examinations revealed CMs. Among these patients, 52 (28%) were with temporal CMs and the major concern included seizure attacks. There were 31 male and 21 female cases who aged from 8 to 52 years (mean 26.8 years). Among these patients, three types of epilepsy were defined: Drug-resistant epilepsy, epilepsy or single/sporadic seizures. Twenty-three had a history of <1 year and the other 29 suffered from more than 1 year although 19 of drug-resistant epilepsy received standard medical treatment before the operations. Generalized seizures occurred in 10 cases, simple partial seizure in 5 and complex partial seizure in 37 among which 17 presented with secondary epileptic attack. The lesions involved the mesial temporal lobes bordered by collateral sulcus in 19 cases and were located in the neocortical temporal lobes in 33 cases.
Surgical treatment
Among the 52 cases, 11 underwent a direct resection of CM along with the adjacent zone of hemosiderin rim without electrocorticogram (ECoG) monitoring while the other 41 cases had operations under the guidance of ECoG. Subdural grids and strips (Ad-Tech Medical Instrument Corporation) were used as necessary to span the borders of the CMs. The individual electrode contacts were 4-mm-diameter platinum-iridium discs with a center-to-center electrode distance of 10 mm. Subdural electrodes (4 × 5 or 2 × 8) were chosen. The cerebral areas displaying significant spikes discharges even after the CM and the zone of hemosiderin resection were also removed. In such patients, 6 have hippocampal sclerosis proved by magnetic resonance imaging (MRI) or abnormal electrical activities detected by sphenoid electrodes monitoring. Intra-operative depth electrodes (1 × 6) were utilized. Once epileptiform discharges were confirmed from the mesial temporal lobes, anterior temporal lobectomy or resection of the mesial part of temporal lobes were performed.
Follow-up and evaluation of therapeutic effectiveness
All the patients kept taking antiepileptic drugs (AEDs) after the operation. The follow-up times were 3 months, 6 months and 12 months after the operation and then once per year. The changes of clinical symptoms were recorded and moreover, electroencephalography record, serous drugs concentration and computed tomography or MRI scanning were implemented. Based on the related result, the agent types and doses of AEDs were modified. Epilepsy outcome analysis after surgery were graded according to the Engel's classification [8] [ Table 1 ].
Statistical analysis
All statistical analyses were performed using SPSS (version 13.0; Chicago, IL, USA) for Windows. The significance of possible associations between discrete variables was compared by χ 2 test or Fisher's exact test. A P < 0.05 was considered statistically significant.
results
The follow-up time in this study varied from 6 months to 4 years (mean 3.2 years). The diagnosis was verified as CM by pathologcial examination in all the patients [ Figure 1 ]. No permanent neurological dysfunction was observed during the long-term follow-up. The outcomes about seizure control are as follows [ Table 2 ]: Forty-two patients (80.8%) belong to Engel Class I, 5 patients (9.6%) belong to Engel Class II, 3 patients (5.8%) belong to Engel Class III and 2 patients (3.8%) belong to Engel Class IV.
The patients in our study were divided into two groups according to preoperative seizure duration. The number of the patients who obtained the outcome grade of Engel I was 22 (95.7%) in the 23 patients with a history of <1 year and 20 (69.0%) in the 29 patients who suffered from epilepsy for more than 1 year. A slightly better statistically significant outcome appeared in our patients with a preoperative duration of seizures of <1 year (P = 0.03). Engel class I outcome was observed in 36 patients (88.1%) among the ones who underwent surgical resection under the monitoring of ECoG while it was seen in 6 patients (60.0%) among the ones without ECoG monitoring. The use of ECoG in cases of temporal lobe cavernomas resulted in a superior seizure-free outcome than without ECoG monitoring: 87.8% (41 patients) versus 54.5% (11 patients) of patients. There appeared to be a trend toward an increased seizure-free status with the use of ECoG, There was a very strong correlation (P = 0.013) between the use of ECoG and more aggressive resections.
dIscussIon
Patients of cerebral CMs usually presented with epileptic seizures. The incidence of epilepsy in patients with temporal lesions is higher than those at other regions. [9, 10] Patients with seizures due to temporal CM often go on to develop epilepsy that is medically intractable. [11] No exact data explain the mechanisms of high epileptogenicity of temporal CM, but close distance to limbic structures is likely to be a cause of intractable seizure activity. [2] Since the extended use of MRI, cerebral CMs are increasingly detected as a cause of symptomatic seizures. The typical appearance is annular hypointensive zone around the lesion on T2-WI [ Figure 2 ] and susceptibility weighted imaging has the distinctive advantages in the identification of CMs. [12] The lesion can be enhanced inordinately [ Figure 3 ]. The main cause of epileptogenesis of CMs is pathologic changes in the adjacent brain tissue due to chronic recurrent bleeding, the hemosiderin zone (hazard ratio [HR]) lead to the glial proliferation and immune response, which causes continuous stimulation on the adjacent neurons. [13, 14] The corresponding excessive neural activity or abnormal discharges were supposed to be the main origin of epilepsy. The hemosiderin and iron is thought to play a major role in their epileptogenicity. [3, 12, 15] The optimal management of CM-associated seizures and epilepsy is still under debate. The spectrum reaches from pure lesionectomy, lesionectomy including resection of the surrounding hemosiderin rim, and extended resections, lesionectomy plus cortical resection (including partial or complete lobar resections). Thus, the early surgical removal of the lesions along with the HR will help to improve the prognosis. [16, 17] Most studies [16, 18] about seizure outcome after surgery are in agreement that a long preoperative duration of illness is associated with a poor outcome. Early operation which reduces the preoperative duration of seizures is associated with a better outcome. Preferentially before seizures become drug resistant and in order to spare the unnecessary suffering of the patient from ongoing seizures and side effects of AED treatment. [19, 20] The time during which the lesions exist was positively correlated with the formation of secondary epileptic foci and dual pathology, which makes the surgical effect more likely to be inadequate. Kivelev et al. [21] have reported about the surgical treatment of 49 cases with single temporal CM and relevant seizures. In all cases, total resection of the lesions and HR was performed. The follow-up demonstrated that 90% of the cases finally achieved Grade I or II in the Engel's classifications. The 10 patients who only had one epileptic seizure before the operation never had a seizure again. These results [21] [22] [23] are supported by our study as well as the overall positive effect of surgery in which up to 80.8% of the patients became seizure free. The patients in our study were divided into two groups according to preoperative epilepsy duration. The fact that the duration of illness was significantly related to a poor outcome in more than 1 year group (P = 0.03). This is especially true for those patients who have sporadic seizures and a history of <1 year probably benefit from a early operation.
The finding of increased seizure freedom related to more aggressive resection has also been suggested by Hammen et al. [16] In the treatment of intractable epilepsy, Yeon et al. [24] trended to be more aggressive resection. In their view, removal of the involved areas and the possible secondary epileptic zone outside the lesion itself help to make it more likely to control the seizures ideally. However, it is unclear how aggressive resections should be in patients with medically refractory epilepsy. The use of ECoG intraoperatively as a means of identifying and removing secondary epileptic foci with more aggressive resection. [4, 10] Van Gompel et al. [25] reported that in the 61 patients operated on their center, all the patients who underwent intraoperative ECoG monitoring showed other epileptic foci outside the lesions and thus received extended resection, the outcome was better about these patients. More and more researchers [24, 26] turned to support the views that a broader range of resection is necessary in the patients with CM related intractable epilepsy. Our data indicated that although simple resection of CM can result in the control of clinical symptoms to some degree, extended excision under ECoG monitoring will help to achieve a better prognosis [ Figure 4 ]. Patients with a relatively long history may have secondary epileptic foci or dual pathology, which can make the treatment even more complex. Dual pathology [23] (cavernoma + hippocampal sclerosis), which means the coexistence of hippocampal sclerosis with extra-hippocampal lesion, Recurrent seizures can cause hippocampal sclerosis constantly and thus generate a new epileptogenic zone in the mesial part of temporal lobe. Indeed, this makes the intraoperative ECoG monitoring necessarily. Six of our cases with CMs have hippocampal sclerosis confirmed by the preoperative MRI scanning or spike waves detected by the sphenoid electrodes. After the removal of lesions and HR, ECoG and the depth electrodes still demonstrated significant epileptic discharges which led to the anterior temporal lobectomy or resection of the mesial part of temporal lobes [ Figure 5 ]. These patients had no recurrent of epilepsy postoperatively. Our results indicate that a satisfactory better therapeutic outcome requires complete elimination of the epileptogenic foci in which extended lesionectomy should include perilesional tissue if the EcoG reveals focal epileptic activity originated in the latter. Due to the present study and based on our data, we believe that ECoG and more aggressive surgical therapy is likely to enhance seizure-free survival.
Early surgical treatment is necessary in patients of temporal CMs who are presented with epilepsy. Intraoperative ECoG monitoring should be chosen routinely. Total resection of the CM, the surrounding HR and the secondary epileptic foci without obvious impairment on the cerebral function will enable the patient to be seizure free. While the CM lesion is located in the mesial part of temporal lobe and intractable epilepsy has been confirmed, anterior temporal lobectomy or selective resection of the mesial part of temporal lobe to be needed. 
